IMPORTANCE Numerous studies have demonstrated that long-term outcomes after orthopedic trauma are associated with psychosocial and behavioral health factors evident early in the patient's recovery. Little is known about how to identify clinically actionable subgroups within this population.
A growing body of literature has found psychological and social sequelae of trauma to be important factors associated with long-term outcomes. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] The factors with the strongest association have consistently been shown to be pain, depression, posttraumatic stress disorder (PTSD), tobacco use, and alcohol abuse. Protective factors include resilience, social support, and self-efficacy. All these factors can be measured early in the recovery process and may be modifiable with targeted interventions. 11, 12 However, little is known about how these factors are associated or whether clinically actionable subgroups exist. Several studies have shown a strong, and potentially etiological, link between pain during early recovery and subsequent psychological distress, specifically depression and PTSD. The Lower Extremity Assessment Project (LEAP), which compared amputation with reconstruction after limbthreatening injuries, underscored the effect of early pain intensity on the development of chronic pain 9, 13 : patients with higher levels of pain at 3 months after injury had greater disability and lower rates of returning to work. 11 Numerous other studies have demonstrated the importance of early pain intensity to be associated with pain at 6 to 12 months after injury. [14] [15] [16] Two psychological conditions significantly affect recovery after trauma: depression and anxiety or PTSD. The LEAP participants reported elevated levels of psychological distress, including depression, anxiety, and phobia, compared with age-and sex-matched norms. 7 A strong, persistent association was observed between early anxiety and depression and both functional outcomes and return to work at 2 and 7 years after trauma. 11 In longitudinal analyses with the same data, early pain, depression, and anxiety symptoms affected function at later time points, 10 and both anxiety and depression were found to largely mediate the effect of pain on function. 9 A growing body of evidence demonstrates a strong association between tobacco use and complications in fracture repair. In a meta-analysis of 10 studies with 1221 fractures across multiple fracture sites, smoking was associated with increased rates of nonunion, wound dehiscence, and surgical infection. 17 The LEAP identified more complications among smokers vs nonsmokers. 18 Although alcohol use has not been consistently found to be a major factor associated with poor outcomes in prior studies, 19 at least 1 study indicates that the widespread use of screening and brief interventions results in significant improvements for illicit drug use and heavy alcohol use, which are more likely to be associated with poor outcomes. 20 Positive psychological factors such as resilience, social support, and self-efficacy have demonstrated protective effects on long-term outcomes, including pain and employment. 11, 21, 22 Resilience has been described as the capacity to maintain healthy psychological function after exposure to a highly disruptive event. 23, 24 Resilience has been conceptualized as both an inherited, stable trait and as a statelike variable comprising behaviors, thoughts, and actions that can be taught and enhanced. 25 Although no studies exist specific to orthopedic trauma, resilience has been associated with better outcomes in individuals with other types of traumatic injury. 26 In the LEAP, individuals with the highest self-efficacy and social support scores at 3 months were more likely to return to work at 2 and 7 years than were those with lower scores. 11 Several additional studies have confirmed the association between selfefficacy and pain and disability within 3 months of traumatic injury. 27, 28 In this study, we leverage data from an existing prospective cohort of patients with orthopedic trauma that measured all these factors early in the recovery process and followed patients 12 months after injury. The aims of this analysis were to examine the distribution of known risk and protective factors in a population with orthopedic trauma, examine whether these factors effectively classify individuals into risk clusters, and evaluate whether these clusters explain variation in outcomes at 12 months after trauma.
Methods
This analysis was conducted as part of a larger study to evaluate the effectiveness of trauma collaborative care (TCC), which has been described elsewhere. 29 Briefly, TCC is an intervention to address the psychosocial needs of patients and improve transition to home and reintegration into society. Twelve level I trauma centers participated in a cluster trial of the TCC Program, conducted between July 16, 2013, and January 15, 2016, and enrolled 896 patients. The TCC Program was fully implemented in 6 centers; patients at the other 6 centers continued to receive services as usual. Included were patients 18 to 60 years of age with at least 1 orthopedic injury (upper extremity, lower extremity, spine, or pelvis) with an Abbreviated Injury Scale score of 3 or greater and a length of stay of either 5 or more days or 3 or more days with a planned readmission for additional procedures. To avoid bias owing to intervention effects (patients in the TCC Program received services prior to 6 weeks and the TCC Program targeted patients with interventions in response to the risk factors measured at that time), data from only the participants in the 6 control centers were used in the analyses reported here. 31 and (4) PTSD (measured using the PTSD Checklist). 32 The outcomes for this study have been described in detail elsewhere. 29 
Statistical Analysis
Statistical analysis was conducted from October 9, 2017, to July 13, 2018. Latent class analysis was used to identify an optimal number of distinct clusters based on patients' profile of risk and protective factors measured at 6 weeks. A sequence of models, indexed by cluster size, were fit starting with 1 cluster. The goal was to identify the minimum number of clusters best describing the complexity of the data. The optimal number of clusters was determined, in part, using Akaike information criterion, Bayesian information criterion, sample-size adjusted Bayesian information criterion, bootstrap likelihood ratio test, and residual plots.
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Using the optimal number of clusters, Bayesian analysis was then used to further understand differences across clusters and whether clusters could be collapsed and ordered. For each outcome, posterior distributions for the cluster-specific means were computed (using normal models for continuous outcomes and binomial models for binary outcomes, and flat priors). From these distributions, the posterior probability of all possible orderings of the cluster-specific means was computed. These results were used to collapse and order clusters. Posterior difference in means and 95% CIs for successive risk clusters (after collapsing and ordering) are presented.
R
2 statistics were used to compare the various cluster solutions as well as the individual risk and protective factors with respect to their ability to explain variability in outcomes at 12 months. For each outcome, the sample size was based on both the set of patients with complete information on risk and protective factors at 6 weeks and the available data on the outcome (sample sizes ranged from 303 to 312). Statistical analyses were performed using R, version 3.4.2 (R Project for Statistical Computing).
Results
Among the 352 patients in this analysis, ages ranged from 18 to 60 years (mean [SD], 37.6 [12.5] years). A total of 252 patients (71.6%) were non-Hispanic white, 231 (65.6%) were men, and 216 (61.4%) received a college-level or higher education. Table 1 also shows the differences between participants with and without 12-month follow up data. Participants lost to follow-up (n = 17) or unavailable for follow-up (n = 13) at 12 months had higher risk and lower protective levels, on average, for all measured characteristics. eTable 1 in the Supplement shows the Akaike information criterion, Bayesian information criterion, and samplesize adjusted Bayesian information criterion for cluster sizes ranging from 1 to 10. The Bayesian information criterion indicates the 2-cluster solution as optimal, although the 3-cluster solution yields a similar result. The sample-size adjusted Bayesian information criterion indicates the 6-cluster solution as op- timal, although there is little difference between the 4-cluster, 5-cluster, and 6-cluster solutions. The Akaike information criterion indicates the 7-cluster solution as optimal. Finally, the likelihood ratio test clearly identifies a 6-cluster solution as optimal. The residual plots (eFigures 1A-C in the Supplement) suggest that solutions with 5 or more clusters provide comparable fits to the data. Taken together, these analyses suggest a 6-cluster solution. Table 2 presents the 6-week profile of risk and protective factors for each of the 6 clusters. Differences were noted in the distribution of factors between clusters, and names were assigned to factors based on these differences. Cluster 1 (82 participants [23.3%]) and cluster 2 (108 participants [30.7%]) have consistently low levels of all risk factors and very high protective factors. However, in every category, cluster 2 is slightly worse than cluster 1. We labeled cluster 1 as "best" and cluster 2 as "second best." Cluster 6 patients (54 participants [15.3%]) are far above clinical thresholds for pain, depression, and PTSD and have very low psychological protection during recovery; we labeled cluster 6 as "worst." The 3 remaining clusters-3, 4 and 5-can all be classified as having medium protection and medium risk. In addition to medium risk and medium protection, cluster 4 exhibits very high pain and the highest levels of alcohol abuse of any cluster. Cluster 5 exhibits the lowest self-efficacy. We labeled cluster 3 as "medium," cluster 4 as "medium-high pain," and cluster 5 as "medium-low self-efficacy." The distribution of clusters by selected participant characteristics, injury severity, and hospital region are in eTable 2 in the Supplement. Table 3 displays summaries (means and proportions) of the distribution of 12-month outcomes based on the 6-cluster solution. All outcomes at 12 months, except selfrated health, display a consistent pattern: outcomes worsen between cluster 1 and cluster 2, between cluster 2 and clusters 3 to 5, and between clusters 3 to 5 and cluster 6. Table 3 displays the posterior probability of the ordering of means across the 6 clusters for each outcome. This analysis confirms strong evidence for all outcomes, except self-rated health and positive screening results for depression, of the following ordering: cluster 1 better than cluster 2 better than clusters 3, 4, and 5 better than cluster 6. After combining the "medium" clusters (ie, clusters 3, 4, and 5) to produce 4 clinical groups, the posterior differences between clusters show that the 12-month outcomes worsen by risk clusters (Table 3) . As an example, the posterior mean SMFA dysfunction scores increased by 7.8 points (95% CI, 3.0-12.6) between cluster 1 and cluster 2; by 10.3 points (95% CI, 1.6-20.2) between cluster 2 and combined clusters 3, 4, and 5; and by 18.4 points (95% CI, 7.7-28.0) between the combined clusters 3, 4, and 5 and cluster 6. The trend between the collapsed risk clusters and 12-month health status holds across all the outcomes. The Figure shows the posterior distributions for SFMA and self-rated health outcomes; 12-month SMFA, depression, and PTSD outcomes are displayed in eFigure 2 in the Supplement. Although overlap exists between clusters 1 and 2 for positive screening results for depression, and between cluster 2 and combined clusters 3, 4, and 5 for self-rated health, the posterior distributions indicate that the 4 clinical groups have a differentiated health status at 12 months. Table 4 shows the amount of variability explained by each risk factor, each protective factor, and the various cluster solutions for each outcome at 12 months. Overall, the cluster solutions perform better than each individual risk and protective factor. The proportions of variation in 12-month outcomes explained by the cluster solutions range from 12.2% to 39.7%. With the exception of self-rated health, there is little difference between the cluster solutions. For self-rated health, the 5 and 6 latent class analysis solutions and 4 clinical clusters yield the best results. a For Bayesian analysis results, the posterior probabilities of 12***6 (ie, cluster 1 better than cluster 2 better than clusters 3, 4, and 5 [in any possible order] better than cluster 6) and the 2 most common orders in addition to 12***6 were reported.
b One missing, unknown, or refused in cluster 2.
c Two missing, unknown, or refused in cluster 1; 1 missing, unknown, or refused in cluster 2; 2 missing, unknown, or refused in cluster 3; 1 missing, unknown, or refused in cluster 5; and 4 missing, unknown, or refused in cluster 6.
d Two missing, unknown, or refused in cluster 6.
e For self-rated health, the 5 most common orders are 135246 (20.9%), 134256 (20.3%), 145236 (11.8%), 124356 (7.2%), and 125346 (7.0%). For self-rated health, cluster 2 and cluster 3, 4, and 5 are not well-differentiated.
Discussion
Overall, these data indicate that it is possible to identify clusters of patients based on known risk and protective factors, measured early during recovery. Furthermore, while some individual factors, such as pain, are highly associated with selected outcomes (eg, physical function), the clustering of patients using multiple factors appears to provide better stratification of persons at risk for a wide range of outcomes. The 6 clusters and 4 clinical groups we identified suggest distinct monitoring and treatment pathways. The first 2 groups, capturing the largest percentage of patients (190 [54.0%]), were characterized by low risk and high protection. Both of these groups had mean SMFA dysfunction scores at 1 year within population norms and mean depression and PTSD scores below disability thresholds, although cluster 2 consistently scored worse by at least 1 minimal clinically important difference. 42 Although both clusters can be expected to do well, patients in cluster 1 should achieve full recovery, barring clinical complications. Standard clinical care plus monitoring for the development of secondary conditions is likely sufficient for these patients. Patients in cluster 2, however, may benefit from additional monitoring.
The next 3 clusters, comprising 108 patients (30.7%), shared mostly subclinical levels of risk and medium levels of protection. There is significant evidence that subthreshold levels in risk factors such as pain, anxiety, and depression play an important role in poor outcomes. 11 These patients may benefit from involvement in peer support and self-management programs. Peer visitors and support groups may provide social support and successful role models to improve social support and resilience. Self-management programs characterized by self-monitoring, education, skill training, and goal setting can improve patients' self-efficacy and coping skills, develop pain management strategies, and aid in symptom management. Two clusters within this group may require additional attention. Patients in cluster 4, the medium-high pain cluster, appear predisposed for poor pain management. This possible outcome is due to high reported levels of pain, which has been shown to be associated with chronic pain, 13 but also due to high levels of alcohol abuse, which has been associated with poor pain management outcomes. 43 Indi- viduals in this cluster may benefit from more comprehensive pain management programs incorporating both pharmacologic and nonpharmacologic treatment. Ongoing substance abuse screening, assessment, and referral is also indicated for patients in this cluster. Patients in cluster 5, the mediumlow self-efficacy cluster, may benefit from more aggressive enrollment in self-management interventions, which have been shown to improve self-efficacy in persons with chronic health conditions.
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Cluster 6, with high risk and low protection, comprised 54 patients (15.3%). These patients are at very high risk for numerous conditions and generally have assessment scores that fall above screening thresholds, even at 6 weeks after injury. At 1 year, more than 90% exceed SMFA disability thresholds, and about 75% have positive screening results for depression and PTSD. These patients would likely benefit from aggressive referral to mental health and pain management services along with ongoing care coordination early in the recovery period to prevent poor long-term outcomes. Trauma centers may need to significantly increase the availability of comprehensive services if they are to meet the needs of the patients in this cluster.
The current emphasis on personalized medicine, broadly defined as identification of patients who can benefit from targeted therapies, 45 has largely focused on using biomarkers and genetic information to guide care. A broader definition expands the range of personal factors to include biological, psychological, and environmental factors to estimate susceptibility, recovery, or response to treatment in order to guide treatment to improve outcomes. 46 These data suggest that it is possible to stratify individuals after trauma according to selfreported information, laying the foundation for matching patients with appropriate levels of intervention. This approach has led to cost-effective approaches for treating low back pain.
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By taking a stratified approach to care after trauma, it may be possible to match patients with the appropriate level of support and care and improve outcomes while conserving resources.
Limitations
Although we studied a moderate-sized sample of 352 patients from 6 trauma centers, weaknesses of this study include the heterogeneity of the sample based on type and severity of orthopedic injury and injuries to other body systems. This sample from 6 trauma centers is unlikely to be fully representative of the overall population of patients with orthopedic trauma. In addition, there were a number of measurement challenges. Although most instruments used are established, validated, reliable, and responsive measures, possible limitations include the use of an adapted measure of self-efficacy as well as patient fatigue and insufficient literacy. 31, 34, [36] [37] [38] [39] [40] Furthermore, the SMFA has been shown to have a ceiling effect for certain populations. 30, 37, 42 Similarly, our measurements of resilience also have the potential for a ceiling effect in groups with moderate or high function. Furthermore, inclusion of additional psychosocial factors may have improved the effectiveness of our methods. 
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Conclusions
Overall, our study demonstrates that patients with orthopedic trauma can be classified early in the recovery process into clinically useful risk and protective clusters that account for much of the variance for a wide range of 12-month functional and health outcomes. These clusters may help develop a theoretical framework on which to build future clinical tools. These clinical tools will need to be developed using predictive modeling approaches, a validation data set, and adequate recognition of the dangers in creating arbitrary categories to describe a risk continuum. 48 The present work lays the foundation for a clinical model that can be used to assess patients to deliver a personalized approach to postsurgical care. 
